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Effects of sports participation on psychiatric 
symptoms and brain activations during sports 
observation in schizophrenia 

H Takahashi 1 ' 2 ' 3 , T Sassa 4 , T Shibuya 5 , M Kato 6 , M Koeda 7 , T Murai 1 , M Matsuura 8 , K Asai 4 , T Suhara 2 and Y Okubo 7 

Weight gain has been identified as being responsible for increased morbidity and mortality rates of schizophrenia patients. 
For the management of weight gain, exercise is one of the most acknowledged interventions. At the same time, exercise and 
sports have been recognized for their positive impact on psychiatric symptoms of schizophrenia. However, the neurobiological 
basis for this remains poorly understood. We aimed to examine the effect of sports participation on weight gain, psychiatric 
symptoms and brain activation during sports observation in schizophrenia patients. Thirteen schizophrenia patients who 
participated in a 3-month program, including sports participation and 10 control schizophrenia patients were studied. In both 
groups, body mass index (BMI), Positive and Negative Syndrome Scale (PANSS), and brain activation during observation of 
sports-related actions measured by functional magnetic resonance imaging were accessed before and after a 3-month interval. 
BMI and general psychopathology scale of PANSS were significantly reduced in the program group but not in the control group 
after a 3-month interval. Compared with baseline, activation of the body-selective extrastriate body area (EBA) in the posterior 
temporal-occipital cortex during observation of sports-related actions was increased in the program group. In this group, 
increase in EBA activation was associated with improvement in the general psychopathology scale of PANSS. Sports 
participation had a positive effect not only on weight gain but also on psychiatric symptoms in schizophrenia. EBA might 
mediate these beneficial effects of sports participation. Our findings merit further investigation of neurobiological mechanisms 
underlying the therapeutic effect of sports for schizophrenia. 
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Introduction 

Obesity and weight gain were identified as factors responsible 
for increased morbidity and mortality rates of patients with 
schizophrenia long before the introduction of second-genera- 
tion antipsychotics. 1 ' 2 With their introduction, awareness of 
weight gain has increased considerably among many health- 
care professionals and patients. 3-5 For the management 
of obesity and weight gain, exercise is one of the most 
acknowledged interventions. 6 ' 7 At the same time, obesity 
was associated with negative effects on memory in schizo- 
phrenia, 8 and exercise/sports have been recognized to have a 
positive impact on cognition and psychiatric symptoms of 
schizophrenia. 9 ' 10 Recent neuroscience research has pre- 
sented increasing evidence concerning the neurobiological 
mechanism involved in the positive effect of exercise on 
cognition in the general population. 11 In addition, a recent 
study has demonstrated that exercise induced an increase in 
hippocampal volume and improvement in short-term memory 
in schizophrenia. 12 However, the neurobiological basis of the 



positive impact of exercise on psychiatric symptoms of 
schizophrenia remains poorly understood. 

Although multiple mechanisms are likely involved in this 
positive impact of exercise, one possible mechanism is the 
interaction between action execution and action perception. It 
is widely documented that the systems that mediate action 
perception, planning and execution are overlapping and 
interact with each other, 13-16 and that the mirror neuron 
system (MNS) has a crucial role in this interaction. 17 MNS is 
suggested to contribute to anticipating and predicting others' 
behaviors during social interactions, 18 and its dysfunction 
might be related to some aspects of psychiatric symptoms of 
schizophrenia. 19 

We demonstrated decreased activation of the body- 
selective extrastriate body area (EBA) in the posterior 
temporal-occipital cortex during observation of sports-related 
actions in schizophrenia 20 Originally, EBA was identified as 
an area that responds selectively to static human bodies and 
body parts 21 However, recent studies have suggested an 
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extended role for EBA as a part of the system for under- 
standing others' behaviors, involving not only static visual 
perception of body parts but also the planning, imagination 
and execution of actions. 13 ' 22 ' 23 Previous neuroimaging 
studies in healthy subjects showed that motor experience/ 
expertise increased the activation of MNS during the 
observation of experienced movements. 24 ' 25 Thus, in addition 
to the expected effect of weight loss, we hypothesized that 
sports participation would have a positive effect on EBA 
activation during sports observation in chronic schizophrenia 
and psychiatric symptoms, and especially on the negative and 
general psychopathology scale of the Positive and Negative 
Syndrome Scale (PANSS). 

Materials and methods 

Participants. A three-month program primarily aiming to 
manage weight gain in chronic schizophrenia patients 
was implemented at the day-hospital unit of Asai Hospital. 
The multidisciplinary program team consisted of a group of 
professionals from diverse disciplines (physical therapists, 
psychiatric nurses, psychiatrists, nutritionist, and pharmacist). 
The program consisted of a series of modules, including 
exercise, nutrition education and medication counseling. 
The exercise module was further composed of aerobic 
exercise (walking and jogging), muscle-stretching exercise 
(static muscle-stretching for the whole body and dynamic 
muscle-stretching for the arms and legs; two repetitions), 
and sports exercise (basketball). The exercise module was 
30-60 min long, and was delivered twice a day (a total of 
60-120min per day) from Monday to Saturday. Because 
the program was conducted in the summer season, its 
duration was determined by weather condition (temperature 
and humidity) and the participants' physical fatigue. For each 
participant, the exercise intensity level was set at 11-13 
(fairly light-somewhat hard) of the Borg scale (rating of 
perceived exertion). 26 Although the Borg scale is recom- 
mended by the American College of Sports Medicine as a 
tool to define the intensity of the exercise intervention, 27 it 
should be noted that it is a subjective method. The program 
contents were announced through brochures, and 13 patients 
with schizophrenia, meeting the Diagnostic and Statistical 



Manual of Mental Disorders, 4th Edition (DSM-IV) criteria for 
schizophrenia, 28 participated in the program. Another 10 
schizophrenia patients who were attending the day-hospital 
unit of Asai Hospital but not the program were studied as 
controls. The patients' demographics (age, gender, body 
mass index (BMI), illness duration, and daily chlorpromazine- 
equivalent antipsychotics dosage 29 ' 30 ) of both the program 
and control groups are shown in Table 1 . 

Diagnoses were based on the patient edition of the 
Structured Clinical Interview for DSM-IV Axis I Disorders 31 
conducted by trained senior psychiatrists. Exclusion criteria 
were current or past substance abuse and a history of alcohol- 
related problems, mood disorder, or organic brain disease. All 
of the patients were right-handed, and they all underwent 
magnetic resonance imaging to rule out cerebral anatomic 
abnormalities. All patients were using the day-hospital unit of 
Asai Hospital. After complete explanation of the study, written 
informed consent was obtained from all participants, and the 
study was approved by the Ethics Committee of Asai Hospital. 

Immediately before and after the three-month program, 
body mass index (BMI), clinical symptoms and functional 
magnetic resonance imaging (fMRI) were assessed. For the 
control group, the same measures were collected before and 
after a 3-month interval. All patients received antipsychotics, 
and their medications remained unchanged during this study. 
Clinical symptoms were assessed by the PANSS for schizo- 
phrenia. 32 The ratings were reviewed by trained senior 
psychiatrists after patient interviews, and disagreements 
were resolved by consensus; consensus ratings were used 
in this study. 

Materials. We used the same visual stimuli as in the 
previous reports. 20 ' 23 Two types of video clips were 
provided (basketball-related motions (BRM) and basketball- 
unrelated motions (BUM)). Examples of the video clips are 
shown in Figure 1. BRM consisted of three types of scenes 
(player dribbling, two players performing man-to-man 
defense/offense and player shooting a free throw). BUM 
also consisted of three types of scenes (player carrying a 
basketball, one person crossing in front of another without 
interaction and player rolling a basketball). To make BRM 
and BUM as similar as possible, all players in the video clips 



Table 1 Demographic values for subjects, measures of body mass index and PANSS at baseline and after 3-month program or 3-month interval 



Mean (s.d.) 





Program group 


Control group 




Baseline 


Outcome 


Baseline 


Outcome 


Age (years) 


43.5 (11.8) 




39.9 (13.6) 




Gender (male/female) 


7/6 




5/5 




Illness duration (years) 


22.1 (15.0) 




14.8(11.7) 




Daily antipsychotics dosage (mg) 


506.8 (426.6) 




592.0 (390.3) 




Body mass index 


28.5 (4.7) 


27.8 (4.3) 


26.3 (3.5) 


26.5 (4.5) 


Positive scale of PANSS 


15.8 (4.2) 


15.5 (3.6) 


13.1 (2.5) 


13.6 (3.3) 


Negative scale of PANSS 


20.7 (5.3) 


19.8 (5.1) 


20.8 (4.1) 


21.0 (3.7) 


General psychopathology scale of PANSS 


37.4 (6.7) 


35.0 (7.3) 


35.4 (3.1) 


35.8 (3.5) 


Total score of PANSS 


73.9(15.0) 


70.3(14.8) 


69.3 (4.7) 


70.4 (5.5) 



Abbreviation: PANSS, Positive and Negative Syndrome Scale. 
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performed in front of a basket goal on a basketball court, and 
the number of persons, objects, motion direction and speed 
were matched, that is, rolling a basketball, carrying a 
basketball, and crossing in front of another without 
interaction corresponded to shooting a free throw, dribbling, 
and man-to-man defense, respectively. The video clips were 
projected via computer and telephoto lens onto a screen 
mounted on a head-coil. The subjects were instructed to pay 
attention to the video clips and to press a selection button 
with the right index finger when they watched the free-throw 
scene and the basketball-rolling scene, indicating that they 
had paid attention to them. The experimental design 
consisted of five blocks for each of the two conditions 
(BRM and BUM) interleaved with 20-s rest periods. The order 
of the two conditions was randomized. During the rest 
condition, participants viewed a crosshair pattern projected 
to the center of the screen. In the BRM and BUM 24-s blocks, 
three scenes were presented twice for 4 s each. 

Image acquisition. Images were acquired with a 1.5. Tesla 
Signa system (General Electric, Milwaukee, Wl, USA). 
Functional images of 115 volumes were acquired with T2*- 
weighted gradient echo planar imaging sequences sensitive 
to blood oxygenation level-dependent contrast. Each volume 
consisted of 40 transaxial contiguous slices with a slice 
thickness of 3 mm to cover almost the whole brain (flip angle, 
90°; echo time (TE), 50 ms; repetition time (TR), 4s; matrix, 
64 x 64; field of view, 24 x 24 cm). High-resolution, T1 -weighted 
anatomic images were acquired for structure images (124 
contiguous axial slices, 3D Spoiled-Grass sequence, slice 
thickness 1.5 mm, TE, 9 ms; TR, 22 ms; flip angle, 30°; 
matrix, 256 x 192; field of view, 25 x 25 cm). 

Analysis of functional imaging data. Data analysis was 
performed with statistical parametric mapping software 
package (SPM05) (Wellcome Department of Cognitive 
Neurology, London, UK) running with MATLAB (Mathworks, 
Natick, MA, USA). All volumes were realigned to the first 
volume of each session to correct for subject motion and 
were spatially normalized to the standard space defined 



by the Montreal Neurological Institute template. After 
normalization, all scans had a resolution of 2x2x2mm 3 . 
Functional images were spatially smoothed with a 3D 
isotropic Gaussian kernel (full width at half maximum of 
8 mm). Low frequency noise was removed by applying a 
high-pass filter (cutoff period = 192 s) to the fMRI time series 
at each voxel. A temporal smoothing function was applied to 
the fMRI time series to enhance the temporal signal-to-noise 
ratio. Significant hemodynamic changes for each condition 
were examined using the general linear model with boxcar 
functions convolved with a hemodynamic response function. 
Statistical parametric maps for each contrast of the t-statistic 
were calculated on a voxel-by-voxel basis. 

To assess the specific condition effect, we used the 
contrasts of BRM minus BUM. A random effects model, 
which estimates the error variance for each condition across 
the subjects, was implemented for group analysis. This 
procedure provides a better generalization for the population 
from which data are obtained. The contrast images were 
obtained from single-subject analysis and entered into the 
group analysis. We compared BRM-minus-BUM contrasts 
before and after the program (or 3-month interval for control 
group) with paired t-tests. Significant differences were 
recognized at a height threshold of P< 0.001, uncorrected, 
and an extent threshold of five contiguous voxels. 



Results 

Clinical data (BMI and PANSS). All participants completed 
the program. Clinical data from before and after a 3-month 
interval are shown in Table 1. There were no significant 
differences between the two groups in terms of age 
(P=0.51), illness duration (P=0.21), and daily anti- 
psychotics dosage (P=0.62). Two-way repeated-measures 
ANOVA with subject groups (program group, control group) 
as a between-subjects factor and time (before and after a 
3-month interval) as within-subjects factors revealed that 
there were significant group x time interactions in BMI 
(F-i 21 =5.0, P=0.04) and general psychopathology scale of 
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Figure 2 Changes between baseline and end point in (a) BMI and (b) general 
psychopathology scale in the two groups. • and A indicate the mean of the 
program group (n= 13) and control (n= 10) group, respectively. 




-0,1 0.1 0.3 0.5 



Change of fMRt signal in EBA 

Figure 4 Correlation between the fMRI signal changes in EBA and changes in 
the general psychopathology scale of PANSS. (a) Plots and regression line of 
correlation between the fMRI signal changes and changes in the general 
psychopathology scale. Dashed lines are 95% confidence interval boundaries, 
(b) Image showing the result of confirmatory SPM regression analysis. 




Figure 3 Images showing brain activation difference before and after the 
program. After the program, greater EBA activation was observed in BRM minus 
BUM condition compared with baseline in program group (/?= 13). 



PANSS (F 1f2 i = 19.4, P< 0.001). Post-hoc paired f-tests 
revealed that BMI and general psychopathology scale were 
significantly reduced in the program group (P< 0.001, 
f=3.84, df =12 and P<0.001, f=4.65, df=12) but not in 
the control group (P=0.68, f=-0.46, df = 9 and P=0.17, 
f=— 1.50, df = 9, respectively) (Figure 2). There was no 
significant group x time interaction in positive and negative 
scale. No main effect of group was found in BMI, positive, 
negative and general psychopathology scale (P>0.05). No 
main effect of time was found in BMI, positive and negative 
scale (P>0.05), except for general psychopathology scale 
(F 1f2 i=9.85, P=0.005). 



fMRI result. All patients paid attention to the video clips and 
pressed the button appropriately (accuracy was virtually 
100%). 

In the program group, BRM-minus-BUM condition after the 
program showed significantly greater right EBA activation 
(peak: x=42, y=-74, z=4, Z score = 4. 12, cluster size: 43 
voxels) compared with that before the program (Figure 3). 
In the control group, there was no significant difference in 
brain activation of BRM-minus-BUM condition before and 
after a 3-month interval. BRM-minus-BUM condition after 
the program did not show reduced regional brain activa- 
tion compared with that before the program in both groups. 



We conducted regression analyses to demonstrate a link 
between brain activation change before and after the program 
and clinical data (PANSS scale and BMI) changes before and 
after the program in the program group. Using the eigenvari- 
ate of the EBA cluster revealed by comparison between 
before and after the program, we plotted the fMRI signal 
changes and changes in PANSS scores. 

In the program group, the fMRI signal changes in EBA 
were negatively correlated with changes in the general 
psychopathology scale of PANSS (r=-0.78, P= 0.002) 
(Figure 4). That is, patients with greater fMRI signal increase 
in EBA tended to show greater reduction in the general 
psychopathology scale. The fMRI signal changes in EBA 
were neither correlated with changes in the positive 
(r=0.11, P=0.73) nor negative scale of PANSS (r=-0.48, 
P= 0.095). The fMRI signal changes in EBA were not 
correlated with changes in BMI (r=-0.01, P= 0.964). 
Regression analysis revealed that none among gender, 
age, duration of illness and chlorpromazine-equivalent 
daily dosage was related to fMRI signal changes in EBA 
(P>0.05). Confirmatory statistical parametric mapping (SPM) 
analysis revealed that the fMRI signal changes in EBA were 
negatively correlated with changes in the general psycho- 
pathology scale of PANSS (peak: x=42, y=-74, z=4, 
Zscore = 3.82, cluster size: 7 voxels) (Figure 4). 

Discussion 

Exercise is being increasingly implemented for the manage- 
ment of obesity and weight gain in schizophrenia, 6 ' 7 ' 33 and 
indeed the patients participating in the current program 
succeeded in reducing BMI. In addition, we demonstrated 
that sports participation also had a positive effect on 
psychiatric symptoms in schizophrenia. 

A body of literature has shown that exercise has positive 
effects on cognitive functions in the general population 
throughout life, and even in patients with neurodegenerative 
diseases. 11 ' 34 A recent magnetic resonance imaging study 
demonstrated that improvement of short-term memory 
induced by exercise was associated with an increase in 
hippocampal volume in older adults. 34 The beneficial effect of 
exercise on hippocampal volume and short-term memory was 
also demonstrated in chronic schizophrenia. 12 
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In contrast, despite the fact that physical therapy and sports 
are widely implemented in treatment/rehabilitation of schizo- 
phrenia and are also known to have a positive effect on 
psychiatric symptoms of schizophrenia, 9 ' 10 little is known 
about the neurobiological mechanism of the effect. We found 
that basketball participation increased EBA activation during 
observation of basketball-related actions. Furthermore, the 
increase in EBA activation was associated with improvement 
in the general psychopathology scale of PANSS. Previous 
studies suggested that EBA integrates multisensory body- 
related information (for example, internal action-related 
signal and external visual signal) 35 and is involved in 
planning, execution, rehearsal and imagination of actions 
as part of a system for understanding the action of others 
(for example, MNS). 22 ' 36 It was reported that EBA activation 
was enhanced during imitation compared with observation 
of actions. 22 The motivation to act or the preparation for 
action has also been shown to modulate EBA activity. 37 ' 38 
Furthermore, several studies including ours have shown 
that EBA might contribute to the inferring the intention of 
others. 23 ' 39 " 41 

Playing in team sports requires us to anticipate and 
understand the actions of team members and opponents in 
various contexts of the game. Increased EBA activation 
induced by basketball participation might reflect more appro- 
priate integration of body-related information and contextual 
information of actions. Consequently, these restorations 
might mediate improvements in understanding others' inten- 
tions, interpersonal communication, body awareness, and 
overall physical activity manifested as the improvement 
in the general psychopathology scale. Intuitively, body- 
related items of the general psychopathology scale such as 
somatic concern, tension, posturing, depression and motor 
retardation might be more directly linked to EBA functions. 
However, the general psychopathology scale is a complex 
construct, and the exact mechanism that links the increase 
of EBA activation and the improvement in the general 
psychopathology scale need to be elucidated in future 
investigations. 

The current study has several limitations. First, this is not a 
randomized control study. The patients participating in the 
program might have had stronger motivations to improve their 
physical as well as mental conditions than the control group. 
Second, the patients' clinical backgrounds were heteroge- 
neous. Although medications remained unchanged during 
this study, it is possible that antipsychotics might affect 
baseline brain activation even if the density of D2 receptors is 
extremely low in the posterior temporal-occipital cortex. 42 43 
Any generalization should therefore be approached with 
caution until we have some replications in larger samples. 
Third, we used basketball for intervention and visual stimuli. 
Although we do not think our finding about basketball-related 
action is generalizable to other sports, future studies will be 
needed to test whether an effect on brain activation is limited 
to the sport used in the program or is generalizable to other 
sports. Finally, follow-up studies are necessary to examine 
whether the observed positive effect is transient or long- 
lasting. Notwithstanding these limitations, as a first step, we 
conducted the current study from a perspective of feasibility 
and real-life setting. 



In conclusion, we demonstrated that sports participation 
had a positive effect not only on weight gain but also on 
psychiatric symptoms in schizophrenia. EBA, as a part of the 
system for understanding the intention and action of others, 
might mediate these beneficial effects of sports participation. 
The results of this study merit further investigation of the 
neurobiological mechanisms underlying the therapeutic effect 
of exercise/sports not only for schizophrenia but also other 
neuropsychiatric disorders. 
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